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TUDY  OP  TH=^  THOT^-ciic  .^l^'tk^  OF  LRPIDOPTERAf 
By  Geor^^e  A.  Root,  B.  S. 

Introdnnt.i  nn. 

The  pun.o3e  of  this  paper  i.  to  hor,olo(xi.e  t^^  scleritea 
of  the  Lepidoptera  and  incid(.ntally  attempt  to  deteinnii.e  to  vfh:-t 
extent  theae  structures  nay  be  taken  as  indicative  of  the  pi  .^e 
which  the  varioua  far^iliee  hold  in  the  phvlogenet.rc  «cale  of  clnB- 
8ific-:tion.    Much  literature  h  te  been  written  about  the  thorax  of 
a  single  species  or  f..mily,  but  little  or  none  ^bout  the  group  as 
a  whole  and  especially  with  inference  to  the  possible  relationship 
of  the  families  as  deduced  from  thoracic  charr-cters. 

Schultz  1914,  deals  with  the  pronotunj  and  patagia  of  the 
Lepidoptera  and  nttermpts  to  show  the  phylogenetic  relationship  amo^ 
the  families.    The  v^riter  of  this  paper  h>-.s  taken  the  mesothorax 
mainly  in   ieterr.inlng  the  relationshio  because  of  its  lar^^e  3i-;e 
and  importance.     Siip-ht  variations  frequently  occur  in  the  sp.m 
species  which  trake  it  oftentiines  very  difficult  to  determine  the 
true  nature  of  the  part  involved* 


A  contribution  fron;  the  i?in topological  Laboratory  of 
the  Masspchu^  etta  Agricultural  Oolle^^^e,  Anjh'?rst,  Jklass., 
representinf^  the  ■'-rp'?.ter  p:vrt  cf  the  writer's  work 
for  the  degree  oi  .ister  of  Science. 


The  Lepidopterou3  thorrix  is  covered  \-iith  a  thick  veati- 
tore  of  hair  and  scales  t*iich  must  be  removed  before  a  study  can 
be  m-de.     This  is  easily  accomplished  by  the  use  of  a  stiff  brush 
after  having  boiled  the  thorax  in  caustic  potash  for  '\  short  time. 
This  treatment  also  greatly  aide  in  separating  the  sclerites  and 
making  the  sutures  more  distinct. 

Seven  families  of  moths,  representative  of  the  lovvest 
to  the  highest,  have  been  selected  as  well  as  the  four  families 
of  butterflies.    Other  intenoediate  families  have  been  studied 
but  owing  to  the  similarity  of  parts  in  question,  it  was  deemed 
unnecessary  to  discuss  thera  in  this  paper.    The  writer  hn.G  en- 
deavored in  the  majority  of  cases  to  select  species  well  known 
from  their  economic  standpoint  or  widespread  distribution. 

Thanks  are  due  to  Dr.  G.  C.  Crarapton  for  the  loan  of 
material  and  for  the  many  helpful  sugfjestions  offered  in  the 
course  of  the  preparation  of  this  paper  and  to  Dr.  H.  T.  "^ernald 
for  his  interest  shown  at  all  times* 

There  is  still  considerable  divergence  of  opii^ion  n» 
to  the  phylogenetic  relationship  of  many  Lepidopterous  families, 
especially  those  of  the  hif^ cr  lleterocera,  and  after  a  careful 
study  of  the  classifications  of  several  systematists,  thn,t  of 
Comstock  has  been  selected  as  perhaps  being  the  moot  useful. 

The  following  is  the  list  of  the  families  arranged  in  , 
phylogenetic  order  and  studied  in  the  same  manner.    The  list  be- 
gins with  tiie  lowest  family  and  proceeds  to  the  hi^^est. 


1.  H.RT35ROOICHA. 

HeplfilldaA- 

SeBiidaft, 

Bembecla  raareinata-  Fifro.  11,12. 

Gecwietridae. 

Iprriantrlldae* 

~Porthetrin.  disjmr-    Pig,  15, 

Arctia  sp.      -      Piga,  13,  16. 

Sphlngidac. 

Sphinx  •      FiRO.  4,  6,  17. 

Saturn  iid  a  e. 

Samia  cecropia-    Pigs.  5,  18 • 

11.  RHOP/Vl/DGKRA. 

Eesooriidae. 

KDarf^yreua  tityrua»    Pig.  22. 

^agilionidae. 

Papilio  Elaucus-     Pigs.  19,  20. 

Pieridae. 

i'ontia  rapae-"    Pigs.  9,  23,  24» 

?jymphalidae» 

AnoBia  plexippua-  Pi^^o.  7,  10,  21,  25. 
ArrLvnnis  cybele*    Fif^s.  26. 
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1.     ^  ThOT^JC  of  ^Mi^  t^^^  Mid  ^  Hi 

Before  proceeding  with  a  comparative  study  of  the  thoracea 
of  the  several  Lepidopterous  families,  a  comparison  of  a  generalized 
Lepidoterous  thorax  with  those  of  the  lower  orders  is  essential. 
^88U8  BOhanyli  is  a  native  of  the  Caucasian  :  ountains  of  Russia 
and  has  heen  selected  because  its  greater  size  makes  it  one  of  the 
best  of  the  more  primitive  Lepidoptera  for  otudy.    The  very  prirai* 
tive  generalized  shape  of  the  Hepialid  tliorax  is  noteworthy.    It  is 
seen  to  possess  many  of  the  scl(>rite5  of  the  lower  orders  while  others 
are  mii^sing,  probably  havin^^>;  becone  indistinguishably  fused  .vith  other 
sclerites,     (See  Figs.  1,  f^,  3).    It  should  be  mentioned  at  this  point 
tiiat  the  terminology  lar^tely  employed  in  the  following  thoracic  de- 
scriptions is' that  used  by  Dr.  G.  C.  Grampton,  »08,   »09,  »14» 

THE  PROTilORAX.    Ihis  seginent  is  greatly  reduced  in  size  and 
complexity  as  compared  with  some  of  the  lower  forms  such  as  the  Roach 
and  it  is  exceedingly  difficult  to  homologize  all  of  the  parts,  but 
certain  of  the  sclerites  are  similar  to  those  of  Meuroptera  sudi  as 
Corydalis.     (See  Craiapton  ♦14.) 

Pronotu^.-  This  is  one  of  the  lori/.est  sclerites  of  the 
prothorax  (Fig*  1).  It  may  be  divided  into  two  parts,  a  posterior 
rather  narrow  plate,  the  soutellun^  (31)  and  immediately  in  front 
and  extending  soraev^hat  laterally,  a  broad  plate  part  of  which  is 
semi-chitinous.  From  tlie  ])03ition  of  this  sclerite  is  seems  quite 
probably  that  it  is  the  scutum  (Sg)  part  of  wJiich  in  hij^er  Lepidop- 
tera becomes  modified  into  patagia.    These  patagia  are  lobe-like 


leathery  or  membranoue  structures  of  the  pronotum.  well  developed 
in  higher  Heterocera.    Fig.  5  shows  a  dorsal  view  of  a  typical 
Lepidopterous  pronotum  as  Illustrated  by  the  Saturniid  form.  §affiia 
fiflflropia.     The  p.aiagis  (Pa$)  are  well  developed  but  nembranous  in 
this  family  and  the  chitinous  portion  of  the  scutum  (Sc)  is  much  re- 
duced.   These  patagia  are  simply  developments  of  the  pronotum  and 
are  not  homologues  of  wings  nor  teguXae  (Tg)  of  the  mesothorax  with 
which  they  are  frequently  confused.     Immediately  anterior  and  united 
witli  the  scutum  is  a  narrow  chitinous  structure  which  shortly  divides 
into  two  arms,  each  of  which  extends  downward  and  around  the  upper 
portion  of  the  pleuron  and  unites  with  the  upper  part  of  the  epi- 
8temu)!i  (j^ej.     Prom  its  position  anterior  to  the  scutum,  this  struc- 
ture in  all  probability  corresponds  to  the  prescutum  of  other  seg- 
ments,   i^osterior  to  and  united  with  the  scutum  is  the  scutellum 
(Sl)  which  assumes  in  all  the  higher  forms  a  characteristic  tri- 
angular shape  and  extends  posteriorly,  nearly  or  quite  meeting  the 
prescutiim  of  ttie  mesothorax.    According  to  achultz  1914,  a  post- 
scutellura  is  present  in  the  prothorax,  and  the  sclerite  here  de- 
signated as  tlie  scutellum  (Sl)  by  the  \7riter  was  there  termed  the 
"postsoutellum.**    This  is  apparently  incorrect  for  the  post  scu- 
tellum is  always  distinct  and  separated  from  Uie  scutellui.i  by  a 
more  or  leas  membranous  region.    Furthermore,  the  postscutellum 
is  absent  in  the  prothorax  of  all  the  lov/er  insects  and  it  is 
therefore  quite  probable  that  there  is  no  postscutellum  in  the 
pronotum  of  Lepidoptera. 

Pro£leu^on.-    Returning  to  Fig.  1,  the  propleuron  or 
lateral  region  of  the  prothorax  is  much  compressed  and  conaiots  of 
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eeveral  oclerites.     In  some  of  the  lov/er  orders  the  propieuron  is 
muoh  better  developed  mid  it.  parts  quite  easily  determined.  The 
large  oval  sclerite  is  undoubtedly  the  e^ieterm^  (J5a)  and  immediate- 
ly posterior  to  it  ia  a  narrow  folded  region,  which  appears  to  be 
the  eElm££on  {mn).    Anterior  to  and  connected  with  trie  episternum 
(thou/^i  in  hiisher  forras  it  is  slip^tly  sep-arated  from  the  latter) 
is  a  chitinous  plate  of  the  neck  region  known  ao  the  cervionl  scier- 
ite  (Cs).     In  the  Odonata,  Orthoptera  and  Coleoptera  thero  nre 
several  of  these  v^iicli  are  quite  prominent.     T?ie  sniraole  (:3p)  of 
the  raesothorax  is  situated  just  ventral  to  the  scutiim,  and  an- 
terior to  the  katepisternum  (Kesj  of  the  meso thorax  (Fig.2). 

atgjQiwji.-    Shi*  This  region  of  the  prothorrjjc.  the  great- 
er part  of  w}iich  comprises  the  basisternite  (Bs)  is  a  small  but 
well  defined  area.     Its  position,  articulations  and  processes 
with  slic^ht  modifications  are  similar  to  those  of  trie  raesothorax 
which  is  later  discussed  in  ttiis  pajjer  so  further  consideration 
on  this  point  is  unnecessary* 

Coxa.-    The  pro thoracic  coxa  (Cx)  is  somewhat  cylindrical 
€Uid  unlike  tJie  meoo-  and  metathoracic  coxae  ij^ich  are  broadly  and 
immovably  joined  to  the  pleuron,  it  articulates  with  the  lower 
portion  of  the  pleuron  by  means  of  an  upper  narrow  apical  region. 
The  membranous  area  occuring  in  all  Lepidoptera  at  Uie  articulation 
of  coxa  and  trochanter,  though  in  many  families  quite  small  and  in- 
conspicuous, is  extensive  in  this  form  and  occupies  a  large  part 
of  the  lower  portion  of  the  coxa.    Within  this  membranous  area  is  a 
anall  chitinous  plate* 

Tlffi  IbKLSOTIIOIUX.    This  is  the  largest  and  moot  highly  developed 
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of  all  the  three  segments  and  is  roughly  triangular  in  shape  (Pig. 2). 
The  wings  in  all  lateral  views  have  been  represented  as  pushed  up 
and  back  and  cut  off  close  to  the  base. 

Mesonsjimu..    Tlnis  part  of  the  mescthorax  comprises  the 
entire  dorsal  region  and  is  composed  of  two  distinct  plates,  an 
anterior  one  here  referred  to  as  the  scuto-scuten nm  (Scsl)  which 
bears  the  wing  along  its  lateral  margin  and  a  posterior  plate,  the 
PQstscutellum  (Psl)  which  is  not  connected  with  the  win^^,  but  is 
united  with  the  epimeron  {m)  by  a  poatalar  bridge  (Poa)  extending 
behind  the  wing.     Pig.  4  represents  the  dorsal  aspect  of  a  Sphingid 
mesonotum  and  thougih  drawn  primarily  to  lahow  the  wing  articulation 
which  will  be  discussed  later,  clearly  shows  the  relation  of  the 
parts  of  a  typical  Heterocerous  mesonotum. 

The  anterior  plate  of  the  mesonotum,  the  scuto^scutellum 
( Scsl )  is  by  far  the  largest  plate  occupying  the  dorsal  portion. 
It  is  more  or  less  divided  into  three  regions,  the  first  being  the 
ttrescutum.  (Psc),  the  second  the  scutum  (Se)  and  the  third  the  sou- 
tellum  (Sl).     The  lines  of  demarcation  between  these  three  sclerites 
are  internal  folds  or  "iraplexes"  whose  approximated  lips  forms  the 
external  suture.     The  scuto-scutellum  is  therefore  one  chitinous 
piece  which  has  become  secondarily  marked  off  into  the  three  regions 
mentioned  above. 

The  pre sou turn  (Psc,  Pigs.  6,  8)  is  a  small  anterior  re- 
gion usually  vertical  being  bent  downward  and  ordinarily  concealed 
from  view.     In  the  majority  of  families  it  is  only  partially  separ- 
ated from  the  scutum  (Sc)  laterally  by  membrane  (Fig.8).  However 
in  some  of  the  intermediate  forms  between  the  lowest  and  highest, 
the  line  of  demarcation  is  quite  distinct,  as  for  instance  in  the 


Sphingidae  (Fig.6)*    The  lo-ver  portion  of  the  prescutum  projects 
Inward  to  form  an  internal  process  called  the  anterior  phragma 
ihstMf  Figs.  6,8).     In  many  of  the  lower  orders  the  prescutal 
regior*  is  quite  large  and  distirictly  marked  off.    It  likewise 
extends  posteriorly  in  such  cases  and  nearly  meets  the  scutellum. 
thereby  causinf;  the  scutuin  to  become  greatly  reduced  in  size.  The 
prescutum  of  tlrie  IJeuroptera  illustrates  this  condition.  (L^iee 
Cramp  ton  1914.). 

The  scutum  (Sp)  forms  the  greater  part  of  the  scutp- 
scutellum  (ScsX).     It  is  laterally  convex  and  broadeot  behind  the 
middle.    At  the  anterior  end  of  the  scutum  is  a  special  projec- 
tion which  bears  a  lobe-like  structure  usually  covered  with  long 
hairs  called  the  te^rula  (ts).     These  te^ulae  are  prominent  in 
all  Lepidoptera  and  cover  a  portion  of  the  fore  wings  at  their 
bases  as  well  as  a  portion  of  the  scutum.    Part  of  the  te^mla 
{TfT )  io  cut  off  in  Pig.  2,  as  is  the  case  in  all  figures  where 
lateral  views  of  thoraces  are  shown.    Where  the  tegula  proper 
is  missing,  the  point  of  attachment  has  likewise  been  designated 
the  "tegula"  (Tg.). 

The  scutellum  is  a  convex  triangular  sclerite  about 
one-fourth  the  size  of  the  scutun?.    Its  posterior  region  assumes  s 
vertical  position  well  marked  off  in  this  f.Tn!ily.    This  narrow 
vertical  otrip  has  been  terined  the  postergite  (Pt)  and  it  is  un- 
doubtedly homologous  witJri  the  region  designated  as  the  poster- 
gite  of  soine  of  the  lor/er  orders.     {ree  Crarnpton  1914.).  This 
region  is  not  so  prominent  in  all  the  families  as  it  is  in  this 
primitive  one,  there  being  but  indications  of  it  in  a  few  others. 

The  postscutellum  (Psl)  is  a  transverse  pl-ite  posterior 

_p_   


to  the  Bcutellmn  (Slj  and  separated  from  it  by  a  nr^row  membfane 
infolded  beneath  the  poeterfral  region,    'i^he  poatscutellum  is  con- 
nected  laterally  witJi  the  ejjinmimn  im)  of  the  pleural  region  by 
a  fiflsMlar  brid^  (Poa)  as  previously  stated.    At  very  nearly 
this  point  of  connection,  a  portion  of  this  postalar  bridge  pro- 
jects forward,  meeting  or  almost  meeting  the  posterior  extremity 
of  the  sclerite  termed  the  aubalarg  (.ia)  situated  immediately  be- 
low  the  v/ing.    The  lov/er  internal  portion  of  the  postscutellum  is 
termed  the  pogterior  phra^na  (Pph^).    It  is  /generally  well  develop- 
ed in  insects  with  wings  fitted  for  long  sustained  flif^t. 

Ar$A°Bi3Jti2Ja.»-    In  discussing  the  dorsal  articula- 
tion of  tlie  wing,  the  mesonotum  of  a  Sphingid  form  was  selected 
because  of  its  large  size  and  since  it  is  typical  of  the  wing  ar- 
ticulation of  Lepidoptera  in  general  (Fig.  4). 

On  either  side  of  the  scutum  (3c)  immediately  above  the 
wing  io  a  v/ell  developed  suranal  sclerite  {'out)  whioh  bears  a 
pointed  process  known  as  the  anterior  notal  win^  process  (Anp) 
with  w*iioh  the  wing  sclerite,  the  notopterale  (Bp_fc)  articul  \tes. 
A  vertical  extension  of  the  notopterale  dips  beneath  the  v;ing 
Bcmbrane  and  rests  and  turns  upon  the  wing  process  (vVp)  of  the 
pleuron.     (See  Figs.  2,  3).  Posterior  to  the  surRnal  pterale 
is  another  sli^t  projection  of  the  scutura  to  which  the  notopter- 
ale is  connected,  oftentimes  but  sllf^tly. 

Tae  scutellum  (31)  is  prolonged  laterally  into  a  process 
called  the  ad anal  pterale  (Apt)  whose  distal  extremity  passes  under 
the  wing  and  known  as  the  posterior  notal  wing  process  (Pn^).  Tliie 
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Procees  acting  partiy  aa  a  „i„g  support  connect,  .ith  the 

(San)  another  ^elorite  ao  n,..,cd  ^ecauoe  of  its  nosi- 

tion  at  the  base  of  the  anal  v.tne.  connection  of  the  haa.nal 

Pterale  with  the  Eoatnrior  notal  ■iln^  uxs^  (i^)  oco.r.  oli.^t- 
ly  beneath  the  ...Ing  tnonbrane  ana  is  not  ano™>  m  Fig.  4.    The  gedi- 
Eleralf  (a)  lx,>,-,  anproxi-natexy  between  the  notopterale  a.id  the 
baeanai  pterale. 

Between  the  lateral  projections  of  the  au^leilua  (oj) 
and  the  iiostacuteiiu,.  (^1)  respectively,  there  arises  a  .-.embr;«. 
ous  alar  lipianent  generally  known  aa  the  axillary  cord  {a^) 
Which  extends  to  the  anal  ah.5le  u.f  tiie  ,,ing.    ai3  cord  is  shown 
in  all  lateral  vio-.vs  aa  well. 

B^mul^MS^'^    l-bis  region  ocBTiprisea  the  l=.teral  por- 
tion of  the  me^^othorax  and  is  composed  of  chitinous  plateu  and 
membrane.     A  well  establia-ed  landrn^irk  for  the  ceparatioi.  of  the 
principal  sclerites  of  the  meooplreurcn  ib  smother  interr.^jl  fold- 
ing  or  "implox'*  wioc-  outward  manifestation  i^;  the  pleural  suture 

extends  frcn^i  the  tip  of  the  wing  proooBS  to  the  articulation 
of  the  QoxR  (Jx;.     l-hia      ture  (i)  with  the  other  forLia  a  z:;oro  or 
less  oiplique  li^.e  cmd  as-unjeo  VBxyin^  u.^greeb  of  curvatiiro  in 
the  different  fanaxlies, 

'i*he  Kieaopleuron  is  a^' oroxinutteiy  divided  vertically  by 
the  pleural  autiire  into  two  pares,  the  anterior  one  knoua  auj 
the  epistermmi  (m)  and  the  poateriox'  one  kriovm  au  tiie  epimex'on 
{^i;.    B  ;th  these  pai'te  enter  into  the  formation  of  the  wing 
prpcesa  (iVja;  immediately  above  which  is  ti/ie  of  the  v/irig  ocleritee, 
the  notopterale.    The  epi sternum   is  in  the  lieuroptera  is  divided 
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into  an  upper  region  or  anepisternum  (Aes)  and  a  lower  re- 
eion  or  )catepi3temi;m  (Kes).     In  the  uppor  region  of  the  epi- 
Bternmn,  there  occurs  at  the  base  of  the  win{t  a  partially 
detached  plate  (Fba)  homologous  with  the  posterior  basalar 
plate  of  the  lov^er  ineecte,  in  sorie  of  Yihich  it  is  complote- 
ly  detached  from  the  episterman*     (Gee  Grampton  1914.).  The 
sjiterior  basalar  plate  of  the  lov^er  insects  has  apparently 
become  fused  with  the  upper  portion  of  the  epi sternum,  so  in 
the  Lepidoptera  there  is  really  but  one  bg.salcx  plate  (Pba). 
In  tlie  lov?er  portion  of  the  episterntun  a  narrow  posterior  re- 
gion (Acx;  which  is  rou/rhly  honologous  with  the  antccoxale  of 
lower  insects  is  clearly  derna.rked.    In  other  Lepidoptera  it 
is  greatly  reduced  and  ig  partially  fused  with  the  lov/er  p^rt 
of  the  epistemuin,  the  suture  between  the  two  being  partiaa.ly 
preserved  in  moat  forms.    Closely  allied  to  this  region  is  a 
•nail  detached  plate,  the  trc  chant  in  (Tn)  articulating  with 
the  antecoxale  and  v/ith  the  inner  side  of  tlio  coxa  (Qs).  This 
is  a  primitive  feature  and  typical  of  many  of  the  lor/or  orders. 
In  all  other  Lepidoptera,  the  trocJirjitin  is  raiosing,  obviously 
having  become  lost.    ITie  loiver  ])ortion  of  the  epioternum  is 
connected  with  the  anterior  part  of  the  cjtcrnuw  by  a  precoxal 
bridge  (Pcx)  indisti  nfad  shably  united  r/ith  the  epi  sternum  above 
and  stemuiTi  below  and  not  distinctly  marked  off  as  in  some  of 
the  lower  orders. 

Imrnediately  anterior  to  the  epiBterrium  is  a  detached 
plate  (ip  )  homologous  v/itli  the  interpleurite  of  the  T^europtera 
and  other  lower  insects.    Hie  epiiaeron  (Em)  is  roug^ily  "U" 


11- 


Shaped  and  ia  connected  with  the  postacutellum  (,  sp  by 
the  pqstalar  bridge  (Poa)  extending  behind  the  v/ing.  Just 
above  the  eplmeron  and  immediately  beneitJi  the  wing  is  a 
roughly  oval-shaped  plate,  the  aubalarg  (^).    1^©  epimeron 
is  connected  witli  the  sternal  region  hy  a  narrow  postcoxal 
\t£MES  iilQc)  which  unlike  the  condition  found  in  lov;er  insects 
and  even  in  the  I^hopalocera,  is  connected  wit/i  ttie  upper  in- 
utead  of  with  the  lower  region  of  the  epimeron.    'xliis  narrow 
chitinous  strip,  the  postcoxal  bridge,  proceeds  internally 
beneath  the  epimeron  pursuing  a  downward  cource  beneath  the 
coxa  f:ind  connecting  v/itl-i  the  f uroaatftrnitft  (Fs,  i'ig,  10). 
There  is  thus  both  a  precoxal  and  a  postcoxal  bridge  connect- 
ing the  pleural  and  sternal  regions. 

ateriyim.-    This  tem  is  applied  to  the  lower  pnrt  of  a 
Uioracic  segment  and  is  often  fused  with  the  pleural  region, 
there  being  no  line  of  demarcation  betv/een  them.     In  p  has  sue 
traces  of  a  separation  bet'v7een  the  sternal  and  pleural  regions 
are  retained  as  sliovm  in  Fig.  2.    The  ,'--reater  p^t  of  the  ster- 
num is  made  up  of  a  shield- shape  plate  called  the  basistemite 
(Bs).     TViis  is  partially  separated  from  the  katepi sternum  (Kes) 
of  the  pleural  region  by  a  narrow  membranous  area.  Posterior 
to  the  basisternite  is  the  furoasternite  Pi{;e.  10, IS)  which 

extends  backv/ard  between  tlie  coxae  as  a  folded  chitinous  band. 
At  its  distal  extremity  it  sli(#itly  expands  on  either  side  into 
sli^tly  triangular  shaped  regions  which  pruject  into  the  coxal 
region  ojid  articulate  with  the  inner  sides  of  the  Yer?^Q03c;ae  {'Jox) 
Immediately  posterior  to  the  furoasternite  is  the  inner  extremity 

of  the  postcoxal  bridge  (Poo).    T^iough  Fig.  10  represents  the 

-12- 


Btei^n^.  and  shows  the  stemol  processeB  of  a  typical  Rhopalo- 
cerous  fom,  ho  closely  doea  the  typical  Heterocerous  forra 
approximate  it,  that  Fi.^.  10  will  suffice  for  both  f^oups.  A 
n.ediaii  ventral  fold,  the  mid  ventral  "implex",  r.nnif estin,..  it- 
eeir  externally  as  a  suture  divides  the  eternal  solerites  into 
symmetrical     lalves  in  all  foma  of  Lepidoptera. 

C5^.«    Tn.ia  appendage  (Pig. 2)  of  the  meaothorax  is 
situated  ventral  to  the  er.im^ron  (Sfe)  and  is  divided  into  t^?o 
parts  by  the  meral  suture  (l).    This  suture  not  only  portly 
divides  the  coxa  oftentimes  but  does  not  exist  in  some  lower 
forms ^  in  **iich  case  the  coxa  is  without  division  into  two 
jaartH.     As  in  the  pro  thoracic  coxa  there  is  a  largo  membranous 
area  at  tiie  articulation  of  coxa  and  trochanter  within  which  is 
embedded  a  umall  ohitinous  plate.     i'>ie  anterior  portion  is  call- 
ed the  TteriiCL)2ca  (Vcx)  and  the  posterior  portion  the  mercn  {Me)« 
These  parta  of  the  coxa  are  closely  united  vrith  the  lo -rer  portion 
of  the  (ileuron  and  the  consequent  lor.e  of  mobility  is  conpen- 
sated  by  the  free  movement  of  the  trochanter. 

TKK:  MRTATHORAX.     This  segment  is  very  slrdlar  to  the  meso- 
thorax  but  is  much  n??xrmver  antero-postr^riorly  (Pi{>3), 

Metanoty in. -•    This  region  is  accordingrly  smaller  and 
becomes  much  shortened  in  the  higher  for^^a.    The  scuto->scutellum 
(ScaJ  )  bears  the  second  pair  of  winfs.     A  prescutujri  and  an  an- 
terior phragBta  are  absent.     In  the  hifi^nr  forrs  the  scute  Hum 
(iil)  extends  forward  and  in  some  cases  divides  the  scutum  (lie) 
into  two  lateral  halves.     A  narrow  ^ostert^ite  (£t}  is  present 
occupying  tyie  same  region  as  in  the  nesothorax.     The  pootscutellum 
(Pal)  is  fused  laterally  with  epimeron  and  as  in  the  preceding 


segment  bears  a  email  vertical  posterior  phragma. 

Met^leuron-    This  region  does  not  differ  markedly 
from  the  meaopleuron.    'fhe  upper  part  of  the  epistermim  as  in 
the  meeothorax  bears  one  basalare  (Pba)-«*iich  differs  however 
in  the  presence  of  a  «IJ-  shaped  prologation.    Just  above  the 
Xing  £rgce3E     (Wp)  is  the  wing  sclerite  Vm)  as  in  the  meso- 
thorax.    A  trpchantin  (Tn)  ia  present  occupying  a  similar  posi- 
tion as  in  the  meaopleuron.    One  marked  difference  however  is  tJ-i 
fusion  of  the  basistemite  ( 1*3 )  and  the  lo\7er  part  of  the  epi- 
stcmuin  into  one  piece,  tliere  being  no  line  of  demarcation  as 
in  the  case  of  the  previous  segment.    The  interpleurite  of  the 
mesothorax  is  missing  in  this  segment  as  v/ell  as  the  tegula. 

The  posterior  upper  portion  of  the  epimeron  is  fused 
with  the  chitinous  portion  of  the  first  abdominal  segment  as  is 
the  posterior  phragma  of  the  postscutellum  (Psl).    A  small 
membranous  region  occurs  in  the  lower  posterior  portion  of  the 
epimeron.     Above  the  epimeron  and  immediately  behind  the  wing 
as  in  the  mesothorax  is  the  subnJLare  (sa).    It  is  however  cut 
off  abruptly  at  the  posterior  end  and  is  not  connected  v/ith  the 
small  forward  projection  of  the  postalar  bridge  (Poa)  as  in  the 
mesonotum  (Fig.2).    Thte  metathoracic  spiracle  is  situated  just 
posterior  to  the  postcoxal  piece  (Poc)  of  the  mesothorax  and 
anterior  to  metathoracic  anepisternum  ( Aes ) . 

Coxa.-    This  region  assumes  a  slightly  different 

shape  from  that  of  the  mesothorax.    A  membranous  area  occurs 

as 

in  the  upper  part  of  the  veracoxa    (Vex)  and^m  the  coxae  of 
the  other  segments    a  small  chitinous  plate  is  embedded  in  the 
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membranous  region  between  the  coxa  find  trochanter. 

MQ^i^igfLtioris  of         Heteyocerous  ITiorax. 

A  comparative  study  of  Lepidoterous  thoraces  show* 
that  progressive  modif icr-tions  take  place  mainly  in  the  elimi- 
nation  of  sclerites  by  fusion,  thereby  resulting  in  a  tendency 
towards  simplicity.     The  mesopleuron  ;3jid  oterm-im  will  be  dealt 
with  mostly  as  mentioned  in  the  opening  of  this  paper,  because 
the  modifications  in  thcsn  are  typical  of  the  changes  occuring  in 
other  segments  and  again  because  the  modifications  are  more  plain- 
ly seen  and  interpreted  than  elsewhere  in  the  thorax. 

The  preocutum  is  not  shown  in  the  lateral  views  of  the 
thorax  with  the  exception  of  Pig.  2  but  in  each  case  the  similar- 
ity either  to  the  Hepialid  or  to  the  Sphingid  type  (l^'igs.  6,8) 
will  be  mentioned,  as  all  moths  approach  one  or  the  other  in  form. 
The  families  of  the  Heterocera  will  be  taken  up  in  phylogenetic 
order  first  and  then  those  of  the  Khopalocera,  as  the  latter  are 
conceded  to  be  hi^jher  in  the  sc'?.le  of  classification. 

Heplalidae-    Phassus  schamyli.     3ee  Figs.  1,2,3,8. 

A  discussion  of  this  family  has  already  been  given  in 
describing  a  typical  generalized  Lepidopterous  thorax  so  further 
conunent  is  unnecessary. 

Sesiidr^.G-    Bembecia  margin  at  a.  Raspberry  Cane  Borer. 

The  mesothorax  aa  represented  by  Fig.  11  shows  a  rather 
aberrant  type  in  that  the  scuto-scutellum  is  long  and  quite  narrow 
and  there  is  an  extraordinary  sculpturing  and  curved  contour  of 
the  pleural  sclerites. 

The  prescutura  is  ?nuch  like  that  of  the  iiepialid  type 
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(Fig.B).   -Qie  tegula  proper  has  been  rernoved.     Ihore  is  a  slight 
postergal  region  of  the  scutollm.    The  epi  sternal  region  is 
quite  different  from  that  of  the  Ilepialidae.    there  is  a  well- 
marked  ancpistemwa  (Aes)  including  a  small  triangular  piece 
at  its  lower  end  next  to  the  pleural  suture  (g).    A  large  hasalar 
nlate  (Fba)  is  present  V7hich  together  with  the  wing  process  is 
extended  posteriorly  to  a  marked  degree.    The  wing  also  is  si- 
tuated well  hack  upon  the  segment.     In  this  fajjiily  the  ante- 

(Acx)  becomes  much  reduced  and  is  almost  completely  fused 
with  the  lower    ortion  of  the  katepistemum,  there  being  only  a 
slight  suture  dividing  the  two.    The  trochanter  is  missing. 

The  epimeron  (^)  is  extremely  distorted  and  the  charac 
teristic  "U"  shape  is  somewhat  obliterated,  owing  to  the  large 
projection  dorsally  whidi  closely  approaches  the  subalare.  This 
last  mentioned  sclerite  is  quite  elongate  and  meets  tiie  extension 
of  the  post  alar  bridge  (Poa).    Posteriorly  the  et)imeron  merges 
into  membrane,  hence  the  cliitinous  portion  is  in  contact  only 
with  approximately  half  of  the  meron  (Me).   The  pootcoxal  piece 
(P05)  is  plainly  seen  extending  from  the  portion  of  the  epimeron 
and  proceeding  internally. 

The  baei3ternite  is  marked  off  fror;  the  katcpi ster- 
num posteriorly  and  from  the  interpleurite  dorsally  by  sutures 
only.     This  plate,  the  interpleurite,  is  now  an  integral  part  of 
the  raesopleuron  having  becone  fused  however  only  with  the  katepi- 
stemum and  not  with  the  anepiutemun.    A  suture  only  partially 
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divides  the  It^tepj sternum  (Ko§}  from  the  Intemlfinri t.^  (Lp). 

The  coxa  is  laTfje  and  in  the  dora-.l  portion  of  the 
raeron  (Me)  a  narrow  chitinous  marginal  strip  is  den.arked  and 
at  the  dorsal  extremity  of  the  veracnxn  {vn^]  a  errall  triangn- 
l.ar  plate  ia  also  marked  off  which  is  characteristic  of  all 
succeedinrr  families.     There  ia  a  small  membranous  area  still 
visible  between  the  coxa  and  trochanter  but  the  small  chitin- 
0U8  plate  has  becone  lost. 

Pig*  12  is  a  latero- sternal  viow,  dravm  to  show  the 
general  contour  of  the  sternal  region  wVich  resembles  a  shield 
in  outline.     Tlrie  processes  and  articulations  of  the  sternal 
region  have  previously  been  described  under  Hiassus.     At  the 
upper  end  of  the  basisternite  (Fig.lS)  are  two  narrow  ohitin- 
ous  strips  w>iich  unite  in  the  median  line  and  extend  forward  to 
the  prothorax.     'J^lr^se  strips  are  the  reinrenentatiyen  of  a  tri- 
angular prwjectioii  anterior  to  the  basisternite  suown  in  Fig. 
14  and  possibly  homologous  with  the  prebasisternite  (i'bs)  of 
l07/er  insects.     (See  Crarapton  1914.). 

Geometridae-    MRtrncnj:ip;i  prr^O{;raiidrar  ia. 
Owing  to  the  similarity    except  for  a  few  minor  de- 
tails, of  t}iiG  famil:/  to  the  precedlnf^  one,  Fig.  14,  shov/ing  a 
laterio-sternal  view  will  suffice  to  o .  ovv  the  relationship. 

The  pleuron  is  regular,  the  sculpturing  and  curves  of 
the  Sesiidae  having  disappeared.     The  anepisternum  ( Aes)  assumes 
a  more  dorsal  position  in  the  e;.i sternal  region  than  those  of  the 
two  preceding  families  (^i/^s.  2,11).     It  is  separated  from  the 
katepisternum  (Kes)  likewise  by  a  narrow  membranous  strip  and  a 
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short  suture,     in^e  aatecoxBl^  (Acx)  is  more  proninent  than  that 
of  the  Sesiidae  -md  extends  well  down  along  the  posterior  mnxgin 
of  the  basisterrxite.    llie  katepisternum  ia  eloofrr^te  and  extends 
wwll  up  along  the  pleural  suture,  making  the  anepiaternurn  corres- 
pondingly small.     Thie  Ln terpleurj te  (ip)  occupies  the  same  poai- 
tion  as  in  Pig.  12  and  is  separated  fron  the  katepisternum  and 
basisternite  in  similar  manner.    T}ie  sternal  projection  (Pbg) 
now  assumes  a  definite  shape  and  apparently  is  made  up  of  a 
narrow  ventral    portion  of  the  interpleurite  and  a  dorsal  por- 
tion of  the  basisterriite.     T}ie  epiraeron  is  a  well  defined  "U" 
shaped  sclerite.     i^he  basal  are  (Pba)  is  relatively  small  and  the 
Ming  process  (V/p )  is  also  short. 

Tlie  dorsal  portion  of  the  coxa  is  overlapped  by  the 
antecoxale  in  this  family  as  well  as  in  the  precedin-^  one  and 
those  follov;ing  with  one  exception.    The  characteriutic  rnerabran- 
ous  area  betv/een  the  coxa  and  trochnjnter  and  so  prominent  in  the 
lower  forms  has  now  practically  disappeared  and  is  not  present 
again  to  any  extent  in  the  higher  forms  except  in  the  Lyman- 
triidae. 

Lyinantriidae-    Porthetria  dispar.  Gypsy  Moth. 

The  mesothorax  (Fig.  15)  as  a  whole  is  long  and  rather 
narrow  with  a  short  but  broad  raesonotum.     The  pre^cutum  is  very 
similar  to  that  of  the  Hepialidae  (Fig.  8).     I'he  postergite  (Pt) 
is  quite  wide  in  ttiis  form. 

The  epistemurr;  presents  some  nev/  modif ic -'.tions .  TVie 
anepi sternum  has  not  changed  materially  fron  that  of  the  preced- 


-18« 


ing  fainily.     The  basalare      o  assumed  a  roughly  triangular  shape 
with  a  small  flap-like  projection  and  is  connected  -vith  the  anepi- 
stem.im  at  the  anterior  ventral  apex.     Marked  off  only  partially 
by  a  suture  w^iich  does  not  reach  the    leural  suture  (g),  thereby 
dividing  it  complete 3y  from  the  anepi stemm  as  in  the  preceding 
forms,  is  the  katepisternura.     The  line  of  deriarcation  betv/een  the 
katepisternum,  the  in terpleurite  and  the  basistornite  is  now  com- 
plete for  the  first  tine  in  the  fom  of  a  long  unbroken  suture. 
The  antecQxalg  (A^^c)  has  not  varied  in  size  nor  position  from 
that  of  the  preceding  family.    Tiie  suture  betv/een  the  basisterniti* 
(338 )  and  the  in  terpleurite  (ip)  is  practically  eliminated,  though 
the  separation  bet'^een  the  t.7o  takes  the  form  of  a  slight  chitinous 
depression  which  is  in  line  with  the  sternal  projection  (Pbs).  The 
lower  portion  of  the  epimeron  is  traversed  by  two  sliort  sutures. 
The  subalare  is  large,  the  ^^reater  portion  being  of  a  semi-chininous 
nature  • 

The  coxa  io  exceedingly  long  and  tho  area  betv/een  the 
coxa  and  the  trochanter  is  again  manifestly  membrfinous,  a  condi- 
tion similar  t     that  found  in  the  more  prl^nitive  -oths  of  the 
Hepialidae  and  i^eoiidae.     The  triangular  piece  in  the  upper  part 
of  the  veracoxa  is  longer  than  usual  and  is  not  overlapped  by  the 
antecoxale  i.s  the  merabr^ine  between  the  coxa  and  antecoxale  is  now 
plainly  visible. 

Arctiidae-    Arctia    sp.    Fig.  16. 

The  mesonotum  does  not  differ  appreciably  from  that  of 
the  Gypsy  Hoth,  in  fact  the  v/hole  segment  is  quite  si?nil.ar  in 
general  outline.    The  preocutum  approaches  that  of  the  Hepia^^iae 
(Flg.8).     The  po3ter/:;al  region  {^)  is  very  mrrow,  there  being 
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Just  an  indication  of  such  a  sole  rite  • 

The  anepicternuDi  is  again  completely  separated  from 
the  kritepi sternum  by  a  m^nbranouo  strip  and  a  suture  as  in  Pi^.s* 
2.  11,  14.     The  bagalare  (Pba)  is  triangular  with  a  flap-like 
portion  partly  oTorlapping  the  \7inf/  pracess  {-irn).    The  katepi- 
sternum  is  broad  nnd  short  and  its  separation  frora  the  inter- 
pleurite  and  basisternite  is  similar  to  that  of  the  Lyraantriidae 
(Pig.  15).     The  antecoxale  (acx)  is  extremely  natrow  and  stops 
abruptly  and  does  not  continue  ventrally  along  the  basisternite 
as  in  previous  forms. 

epirfl f?ro-ti  {'Iini)  is  distinctive  because  of  a  lirge 
detached  triangular  piece  in  the  lo  /er  posterior  region  which 
is  closely  allied  to  the  raeron  of  the  coxa.     The  subalare  (aa) 
as  in  the  previous  family  is  partly  serrd-chitinous.     Its  pos- 
terior pr?rt  is  elongated  to  meet  the  extension  of  the  postalar 
bridi^e. 

7i\e  anterior  sternal  projection  is  well  developed  and 
unusually  broad.     (See  Fi^^,  13).    The  division  between  the  inter- 
plewrite  and  the  basisternite  is  also  in  the  forn  of  a  depression 
in  the  chitin. 

The  coxa  is  long  and  narrow  and  the  meron  (Me)  possesses 
a  narrow  chitinous  r.trip  at  the  dorsal  end  as  does  the  meron  of 
the  Lymantriidae  i^ir,*  15).    Uo  membranous  region  is  visible  at 
the  articulation  of  coxa  and  trochanter  and  the  triangular  piece 
at  the  dorsal  end  of  the  veracoxa  (Vox)  is  slightly  roun-ied  in 
shape.    Fig,  13  is  a  lateitj-stemal  view  of  the    Arctiid  raeso thorax. 

Sphin/^.idae-    Sphinx  s^. 

The  meeothorax  of  this  family  (Fig.  17)  is  nore  heavily 
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chitinized  throughout  than  any  other  of  fiie  preceding  forrna* 
The  raesonotum  has  been  deocrihed  and  illustrated  in  PiR.  4* 
The  preacuticT!     (iisc,  ^iii*  6)  is  8ome\7hat  triangiilar  and  se- 
parated frorc  the  scutum  by  a  narrow  membrajae.    The  tegula  his 
been  removed. 

'•^'he  anepi  stern  urn  (Ae8 )  is  greatly  developed  and  in 
turn  the  katepi sternum  (Keg)  iB  relatively  small.    The  suture 
marking  off  the  anepi  sternum  from  the  katepi  sternum  does  not  ex- 
tend to  the  pleural  suture  im)  hence  this  condition  parallels 
that  of  the  J^antriidae  (Fig.  15).     T>ie  basalare  (Pba)  is  large 
and  heavily  chitinized.    The  antecoxale  is  relatively  wide  but 
demarked  from  the  katepi sternum  by  only  a  short  suture. 

TVie  epimeroii  (l^)  is  nore  angular  than  that  of  the 
Arctiidae  and  contains  an  oval  piece  adjacent  to  the  pleural 
suture.     Just  ventral  to  the  sub  alar  e  (iia)  the  epimeron  gradual- 
ly merges  into  raerabrane-     The  subalare  is  well  chitinized  ^and 
is  prolonj^ed  posteriorly  into  an  exceedingly  narrow  strip  wiiich 
extends  upward  to  the  projection  of  the  postalar  bridge.  The 
axillary  cord  {hxc)  has  been  cut  to  show  this  connection.  The 
beginning  of  the  postcoxal  bridge  (Poc)  is  seen  in  this  figure 
at  the  upper  posterior  end  of  the  epimeron  and  there  is  a  slight 
indentation  in  the  lover  posterior  region. 

The  line  of  demarcation  between  the  interpleurit*  and 
the  basister^ite  is  even  more  indistinct  than  In  the  precedirig 
form,  though  a  suture  is  still  present  in  the  sternal  projection 
and  in  line  v;ith  this  is  a  very  slight  depression  of  the  chitin. 
Saturniidie-    Samia  cecropia.  Common  Cecropia. 


The  mesothorax  (Fig.  18)  clooely  resernhlea  in  abape. 
Bize  and  fonn  that  of  tt.e  Ophingidae.    The  mmOMi^rn^  (Aos) 
is  rauch  reduced  in  size,  owinc  to  the  encroachment  dorsally 
of  the  icatepi»temir-  '(Ke8j.    l>.e  i^iape  and  position  of  the  • 
lure  (Fba)  corresponds  to  that  of  the  Sphingidae.    The  division 
between  the  anepi sternum  and  k at epi sternum  is  only  p  artial  in 
the  form  of  a  a  ort  suture  which  does  not  extend  to  the  pleural 
euture  and  being  sirilar  to  the  preceding  family  in  this  respect. 
The  katepistemum  is  also  separated  fron  the  hasisternite  and 
the  interpleurite  by  a  lon^;  unbroken  suture  as  in  the  preceding 
fanily.     The  antecoxale  is  very  narrow  and  practically  divided 
from  the  katepistemuia. 

ilie  epimeron  is  characteristically  "U"  shaped  v/ith 
lonjT  arras.    There  is  an  indication  of  a  plate  correspor;  ding  in 
pooition  at  least  with  the  oval  sclerite  of  the  previous  epimeron 
(^ig.  17).     A  small  detached  triangular  plate  occurs  in  the  lower 
posterior  region  though  it  is  less  prominent  than  that  of  the 
Arctiidae  (Fig.  16).     Tiie  subalare  (lis)  is  laige  and  differs  some- 
what in  shape  frora  that  of  the  ophingidae.     The  line  of  deriarca- 
tion  betv/een  the  baaioternite  (lis)  arid  the  interpleurite  (ip)  is 
now  practically  eliminated  even  to  the  depression  in  the  chiti  , 
BO  the  two  now  comprise  one  coiitinuouB  plate.    Tiie  coxa  does 
not  show  any  distinctive  features. 

2.     T3lg  T}iorax  of  J'apiliQ  glaucus  and  the  JZapdlioniiiafi 

Papilio  f^laucus  (Fig.  19)  Jias  been  selected  for  the 
study  of  the  fttiopaloceroue  thorax  because  of  its  large  size.  7?y 
comparing  it  v/ith  Phassiis.  the  features  comnon  to  the  i-.epidoptera 
aa  a  whole  may  be  s*iov/nas  well  ao  thooe  speci  al  rr.odif ications 
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nfriei-ein  the  aionalooora  differ  from  the  lov/er  fonnr>. 

THS  .  T>iis  segment  as  in  the  moth  is 

small,  narrow  and  quite  inconspicuous  (?ig  lOj). 

^^mSK^HML*-    '-^is  region  of  the  prothorax  is  sli/L^t- 
ly  convex  and  consists  of  a  pre  sou  turn  (Psc),  a  scutum  (oc) 
and  a  scutellurn  (Sl>  as  in  the  moth.    The  })rescutuM  is  small 
and  ia  fused  with  the  scut^jn  which  is  he^rt-EOiaped  and  \7ell 
chitinized.    The  ocutellum  is  imliatintiuiahably  fused  with 
the  scutum  and  projects  posteriorly  approaching  the  mesothorax* 
On  either  side  of  the  scutum  and  just  posterior  to  the  arms  of 
the  prescutian,  indications  of  patagia  are  distinguishable  aa 
very  slight  elevations  of  the  Tnwnbrane*    These  structures  in 
tiie  other  families  of  Hhopalocera  vnth  the  exception  of  8on» 
forms  of  the  Pieridae  are  well  developed,  extremely  sic-like, 
of  a  ieat'jery  texture  and  sli^tly  constricted  at  the  base* 

xjE^jj^^^eu^lcyj..-    This  part  of  the  segment  is  also  quite 
similar  to  that  of  the  moth.     Tiie  epi sternum  (iCs)  is  large 
and  oval  in  outline  and  the  very  narrow  infolded  scl<?rite  is 
apparently  the  hoinologue  of  the  epitneron  ("Sm)  of  the  moth 
prothorax.  (Bee  Fig.  1). 

A  cervical  r-clerite  (Os)  is  also  present  differing 
somewhat  in  shape  from  that  in  Fig.  1,  and  also  in  being  dis- 
connected witli  tlie  episternum,  though  in  close  proxi-nity  to  it. 
Tne  meso thoracic  spiracle  (Sp)  is  situated  posterior  to  the 
dorsal  region  of  the  ftnimeron  (^05)  and  approximately  anterior 
to  the  basalare  (Pba)  of  the  meeothorax. 

{^ernuri.-    This  p-rt  of  the  butterfly  prothorax 


Closely  resenbles  that  of  the  noth  and  presents  no  distinctive  featur 

Cci^.~    Tiiis  append<'ige  is  undivided,    it  is  rou/^ly 
cylindrical  and  is  attached  at  its  upper  apical  n-rr^n  to  the 
lower  portion  of  the  pleuron*.     It  does  not  pobaosa  the  large 
membranous  area  at  its  articulation  vyith  the  trochanter  -s 
does  ^faaasua  (Pig.  1}-, 

TIL'.  ME3OTH0RAX.    Ihis  segment  -in  in  the  case  of  all 
Heterocera  is  the  largest  of  the  three  (Fig.  19). 

UaSiSibQ^m.''-     In  discussing  the  nosonotun  of  raniiio 
reference  should  be  made  to  that  of  the  Monarch  butterfly  as 
shown  in  Pig.  21,     This  figure  v/as  specifically  drawn  to  be 
used  in  the  discussion  of  the  wing  articulation,  but  incidental- 
ly 8how8  the  no  turn  and  relationship  of  p  irto  so  well  th  A 
the  study  of  the  K?iopaloceroU3  meaonotum  will  be  made  from 
this  figure  as  well  as  from  Pig.  19. 

•^t  is  easily  seen  that  the  rnesonotums  of  tlie  butter- 
fly and  moth  (Pig.  4)  are  quite  similar  in  the  relationship 
of  the  various  parts.     T>ie  scut c)~acutellura  (Scel  j  is  '  .ore  con- 
fdx  and  oval  than  that  of  the  average  moth,  in  fact  the  notum 
as  a  whole  is  narrov/er  and  longer.    X^ie  prescutiim  (Pscj  a  very 
osall  portion  which  is  sfiown  at  the  anterior  end  of  tVie  scutum 
(Pig.  21)  assumes  as  in  the    oths  a  vertical  position  a/id  is 
fasfiioned  much  after  that  of  the  Hepialidae.    Fig.  7  ia  a 
frontal  view  of  the  ^^onardi  prescutuia*    Tlie  partial  separation 
from  the  scutum  is  less  marked  than  that  of  Phaasus  (Pig.  O) 
and  the  convexity  of  its  lov/er  portion  is  quite  noticeable. 
The  prescutun  also  bears  a  wnall  anterior  phrafjma.    The  Pax^iXiQ 
pre  ecu  tun  is  very  similar  to  that  of  the  1/onarch. 


The  scutum  is  long  and  oocupiee  the  greater  portion 
of  the  scuto-QGutellum  while  the  ucutellum  is  ani?ai  fmd  vattos 
slightly  in  shape  in  the  several  fatnilina.     Sonetini.-j  it  io 
long  and  narrow,  and  again  it  may  "be  broad  and  short.  There 
is  a  well  mark    ])oater{ril  region  (P^).    Tha  te/mlae  (T^)  occupy 
the  saTie  }>03ition  as  those  in  the  lieterocera  v/ith  a  alight  lohe 
proceeding  beneath  the  v/ing  base  as  is  the  case  with  the  Heter- 
ocera»  though  often  small.     IVie  no stscutelluni  (Pal)  is  separat- 
ed from  the  postergite  (i  t )  by  a  wider  membranous  area  than 
that  occurring  in  rooth  forms.     It  is  connected  with  the  upper 
portion  of  the  epimeron  by  a  Dostalar  brid  ge  (Pga).  poster- 
ior phragma  is  present.     The  alif^t  forv/ard  projection  of  the 
bridge  still  persists  approaching  the  (osterior  er^  of  the  sub- 
alare  (iia»  Fig.  19^). 

HXii^  'iJ^iiSJ:Ai3iisiil» "    The  wing  proceases  imd  articula- 
tions of  a  typical  butterfly  thorax  <£ re  s'  own  in  Fir^.  21.  The 
Monarch  or  Mlkv/eed  butterfly  has  been  selected  because  it  is 
representatlv^'  of  the  hi^est  f  nriily  of  the  i^hopalocera  nnd 
furthermore  because  of  its  v/ide-spread  distribution. 

The  suralar  sclcri tes  ( ^ur)  are  well  defined  areas 
on  either  side  of  tJie  scutum  and  bear  the  anterior  rjotal  wing 
processes  (Anp).    The  suralares  differ  in  shape  fron  those 
of  the  moth  being  more  rectangul  ar  and|les3  pointed,  (^ee 
Pig.  4).     /vrticulating  with  the  anterior  nptal  ^nlm  PrQCgPS 
(Anp)  is  the  notopterale  (Jj^t)  which  is  also  connected  .ith 
another  projection  of  the  .;cutura  posterior  to  the  auralare 
(Sur).  in  the  moth,  an  extension  of  the  notopterale  proceeds 

beneath  the  wing  membrane  and  reappears  above  the  pleural  iia^ 

process  (We)  upon  which  it  pivots  in  the  movenents  of  flight 
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(Fig.  19).     The  ad  anal  pterale  (Apj;)  ig  a  some-^-it  rounded 
piece  apparentlo^  projecting  from  the  acuturn  instead  of  fnjm 
the  scutellum  as  in  the  lieterocora.    This  aclerite  also  is 
more  or  less  broken  and  its  distal  end,  the  posterior  notal 
wing  procosa  (iju))  is  fused  with  a  narrow  downward  projection 
of  the  bag  anal  pterale  (:3an)  as  in  the  moth.    The  medipterale 
(m)  lies  betv/een  the  basanal  pterale  and  the  notopterale  and 
is  slij^tly  connected  v/ith  the  latter. 

The  alar  ligament  or  axillary  cord  { Aocc )  arises 
as  in  the  moth  between  the  lateral  extension  of  the  potst- 
scutelluin  and  3Gutellum  and  Siroceeds'^  the  anal  angle  of 
the  wing  in  typical  manner* 

S^22Jli®ii312?l         'ileSiyil*"    ^©  r?eoopl»uron  (ij'ig. 
19)  is  divided  into  the  eoi Bternura  (js)  aiid  eoimeron  ilM) 
by  a  stron";ly  cu  ved  pleural  su ture  The  epimeror*  is 

quite  broad  es;  ecially  in  the  lovfer  portion.    The  part 
approaching  the  winr:  process  ('^)  is  often  infolded  and 
quite  narrow,     iiituated  Just  above  the  wing  process  is  the 
prolongation  of  the  wing  sclorite,  the  notopte -  ale  (Kpt )* 

The  oubalare  is  situated  posterior  to  the  \/ing 
process  and  approaches  in  for/n  that  of  the  -  oth.    Its  poster- 
ior extremity  does  not  quite  meet  the  extension  of  the  postal ar 
bridge  (£aa).    The  basalare  (Pba)  is  divided  into  two  parts 
in  t>iis  for  in;  the  larger  assumes  a  rectangular  shape  and  the 
smaller  is  narrow  and  hook- shaped. 

T^ie  epistemal  and  sternal  regions  are  now  practi- 
cally fused  into  one  piece,  the  sutures  between  thern  evidently 
having  been  obliterated.     It  has  seened  best  in  this  instance 
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to  designate  the  various  regions,  najnely  the  baMsternite, 
(B^i  the  anepistemuKi  (Aes)  and  the  kateiiisteri^  (Kes)  ac 
though  they  vvere  demarked  as  in  the  lower  fornis  of  Lepidop- 
tera.     The  antecoxale  (Acxi  still  persists  as  a  narrow  strip, 
nie  interuleurite  is  an  integral  part  of  the  me«opleuron  and 
is  entirely  marked  off  from  the  bn.Gistcnii te ,  a  feature  similar 
to  that  of  the  Sesiidae  and  Georaetridae  (Fii^s.  li,  14).  It 
differs,  however,  from  the  Heterocera  and   .enpsriidae  of  the 
^opalocera  in  bein^r  contif^ious  with  the  .?.nepi aternun  aa  -.veil 
ae  with  the  k  at  op  it;  termini  of  the  epi  sternal  region. 

Pig.  20  io  a  latero-aternal  viev/  of  the  mesothorax 
of  Papilio,  showing  ;  ore  clearly  the  relation  of  parts.  The 
sternal  region  has  "become  proportionately  larger  an('  aeeuried  a 
different  shape  frori  that  exhibited  by  the  Heterocera.  '^r\e 
furcautr-rri i te  (lis)  ia  naxTow  and  folded  upon  itself  resenbiing 
that  of  the  Monarch  (^ig*  10;,  arid  a  derscription  of  7*iidi  is 
given  under  the  discussion  of  Hiassus.    Consmon  to  aj.l  butter- 
flieG  though  varying  in  size  and  form,  is  a  si-mll  triangular 
plate  anterior  to  the  basisternite  and  situated  between  the 
interpleurites.  is  undoubtedly  hornologcu:i  with  the  sternal 

projection  ( i 'b 3 )  of  the  raoth  sternuru. 

t^(;)x^.«»    This  sclerite  consists  of  the  nercn  iUs)  and 
verac  o  x  a  (Vex)  separilted  by  the  nieral  suture  (i;  as  in  the 
moth*    A  anall  roembrc'inoua  area  occurs  at  the  articulation  of 
coxa  and  trochanter  (not  reprosented  in  Fig.  1'-'/  but  similar 
to  that  as  s  own  in  Fig.  24. 

TIIE  UKTAT.IOJU^X.    Tixia  segment  (^""ig-  l-'g  )  ia  considera- 


biy  smaller  thsn  the  meeothorr^  but  quite  ai^il..r  in  outline. 

iietanot]^.-    Thie  region  io  slightly  compreoBed 
antero-posteriorly  and  co«jpamtively  Sim.il .     The  scutum  {Zoj 
ie  divided  into  tv/o  parts,  one  oocupying  either  aide  of  the 
noturu  and  bearing  the  v/ing  processes.    I^o  tegulae  are  present. 
^«  gqutellurfl  (olj  occupies  the  greater  part        the  middle 
r)ortion  of  the  notum  and  extends  forii^ard  luitil  it  meets  the  pos- 
Lerxor  phragtna  of  the  mesotho rix.  thereby  dividing  the  scutum 
into  two  parts.     Tiiore  is  no  prescutuan  nor  {interior  phragiiia. 
A  narrow    ostergal  j-egion  is  present  and  tl'ie  oostsouteilum 
bearing  a  sinall  poi^terior  phrsigna  is  fused  v/itii  tlie  first 
abdominal  seg^nent  as  in  the  moth.     Tne  poi3t3cutellu;i  is  alao 
united  with  the  upper  part  of  the  epimeron  by  a  snort  poatalar 
bridge,  an  exteiiSion  of  ^^rhich  docs  not  exist  to  meet  the 
subalare  a3  in  the  meso thorax. 

5j?etaj^leuryii  and  otejWium.»*    Tne  epimcron  (Km)  of 
tl-iis  region  is  propoi'tionately  Ir^rge  and  extends  v^ell  down 
along  the  «ide  of  the  raeron  (Me)  where  it  proceeds  beneath 
the  coxa  as  the  postcoxal  bridge.    The  wing  process  {  Vp )  is 
carved  ba-ckv/rird  to  a  marked  degree,  becoming  aimout  horiz  n- 
tal.     llie  notopterale  is  situated  Just  above  the  ;ving  process 
and  posterior  to  this  is  the  rather  long  and  narrow  subal are 
(Sa).    The  basal  are  (ibaj  is  roughly  hook- shaped. 

The  epi sternal  and  sternal  regions  are  indistin- 
guiohably  fused  sjid  the  sinf^le  plate  coniprising  both  is  v.ore 
or  less  strap-shaped,  differing  thus  from  the  roughly  quadrate 
plate  of  the  naeoothorax.     'ihe  precoxal  bridge  {EiLx)  is  well 
a^own  in  this  fi  gure  connecting  the  pleural  and  eternal  regions. 
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A  lonf;  ntjrrow  chitinous  pi*ice,  the  incer.>lftnri       (ip)  t;on- 
tinu  a  along  the  anterior  p-.rt  of  the  epiBtermi  qjid  aternal 
redone.     Ihe  anteooxale  is  proportionate Iv  j...rgor  thaii  that 
of  the  raesothorax  and  is  demarked  entirely  from  the  lower 
portion  of  the  epi sternal  region.     The  rinetathoracic  o pi r Rule 
(Bp)  is  aitu'.ted  posterior  to  the  epirieron  of  ihe  rierjo- 

thorax  and  ventral  to  the  baaraare  (Pba)  of  the  metathwrax. 

Coxa»-    i^iiie  appenda(.::e  of  the  metatriorajc  closely 
resemhlea  that  of  the  previous  segrsont,  though  slightly  differ- 
ent in  shape.     It  is  separated  froin  the  anteooxale  ( ncx)  ai^i 
"the  basi stern ite  (Bs)  hy  a  wide  inenbranoua  area.    A  srnall  tri- 
angular piece  still  persists  in  the  upper  part  of  the  verncoxa. 

f/odifi cations  ^  the  ^Ctoralocerous  Thorfoc* 

After  a  (general  consideration  of  both  moth  and 
butterfly  thor?oes,  the  forrrier  of  '-ha  a  bus  ,  and  the  l^.tter  of 
Papilio .  it  is  quite  easily  seen  th^.t  in  fundamental  scl  ^rites 
altid  processes  both  paravlel  each  other.    ?Jie  next  logical  pro- 
cedure will  be  to  corapare  the  different  fUioDalocerous  familL-  fv. 

?'espf>ri  idie-    ':Vnar/:yreus  tltyrufs.     The  Gomnon  Skipper. 
A  latero-atemal  view  of  the  raeso thorax  is  sliovm  in  Fig.  22  and 
on  the  whole  is  seen  to  be  quite  moth- like.      '■^he  epimcron  hns 
the  ch«xact eristic  "li*'  shape  v/ith  a  detached  triangular  piece 
dorsal  to  the  meron.     Such  a  feature  occurs  in  theArctiidae  and 
Saturn lidae-.     -^he  sub al are  iMi  is  of  oharac teriitic  shape  and 
meets  the  projection  of  the  postalar  bridge.    The  basal  arc  (ilba) 
is  quite  small  in  this  form. 
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The  ev)i3ternura  {'^)  differs  oonevThat  from  that  of  the 

typical  moth.     Tne  antecoxale  (acx)  is  large  and  only  partially 

dlso 

marked  off  from  the  katepi sternum  which  is^proportionately  Inrf-e. 
TYie  aneiJiaternum  nnd  katepi sternum  in  relation  to  each  othor  re- 
semble the  corresponding  parts  of  the  ^atunniid-ie .     (  ee  Fig.  12). 

The  katepistemani,  interpleurite  and  basisternite  are 
only  partially  marked  off  fron  one  another  by  suturer,,  but  the 
line  of  demarcation  can  •  e  disce  ned  as  a  slif^ht  elev.tion  of  the 
chitin  in  line  with  the  sutures.     D^e  unbroken  suture  dividing 
the  katepisternum  fron  the  interpleurite  and  basioteniite  of  a 
typical  moth  tliorax  (:-^;m>  17)  has  now  pgrtiy  disappe-ired  leaving 
two  sutures  partially  existing  hetieen  the  interpleurite  (l^) 
and  katepisternum  (Kea).  and  basietemite  (Bs)  and  kater'i sternum 
(Kes)  reBiiectivoiy.     In  t}ie  next  hij^her  fa  ily,  the  Papilionidae 
previously  studied  (Vig.  10),   the  suture  partly  dividing  the 
Ifatepi  sternum  and  basi gt'^rnite  in  the  HesT^oriid^^e  is  entirely 
lost,  but  the  one  likewise  partly  in.arking  off  the  interplfurite 
from  the  katepisternum  in  fully  restored.     T  e  line  of  demarca- 
tion between  the  inter  ilf^urite  and  the  basist=  rnite  in  this  form 
(Fig.  22)  represented  by  :i      ly  short  suture  and  a  chitinous  ele- 
vation, becomes  a  veil  defined  suture  which  coincideB  with  that 
bet'veen  the  interpleurite  and  KatcniGternum  (Pif^.  r^O). 

llie  basisternite  is  a- .all  being  similar  to  that  of 

the  moth.     ^he  triangular  sclerite  anterior  to  the  basisternite 
and  characteristic  of  all  butterflies  occur  a  in  this  form,  but 
ia  broader  than  that  of  ra..ilio>    '^he  c.  xa  varies  very  little 
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from  preceding  forms.    TVie  upper  part  of  the  Y^m^  (Ycx) 
is  overlapped  Ly  tiie  aiitecox/ale  region  tc  a  considerable 
extent. 

Papilioiiid'te.^    Papilio  glriucua,     Yellov.'  Sv^lloV  Tail. 
This  has  been  previouoly  described  imuer  the  di^cuia^ion  of  r.  ty- 
pical thorax  of  the  Rhoyaloceru.     (See  Fig.  19). 

Pierid  Ae.«    iionUa_r51Kie ,     CabbciKe  l^utterfly. 

Ti-iB  thorax  of  tnie  ffunily  (Pifra.  25,  PA)  in  cxtroneO^ 
BiEiilar  to  that  of  xapilio.  'c4  is  a  lateral  view  of  the 

mesothor-jc  aiiov/ing  the  well  arched  mesonotu-i^..     The  T^rascututT^ 
(ii^,  Firj;.  9)  io  small  and  nearly  or  quite  oeprir^^te  fron  the 
scutum  and  bears  a  v/ell  m.arked  anterior  phragioa.    T>ie  teKLda 
proper  has  been  removed.    Ther*  io  a  narror;  veil  defined 
posterFilte  (Pt)  v^hioh  io  separated  fran  the  postijcutelluro 
by  a  rather  wide  memhranouu  area.     The  epiraeron        small  and 
extremely  n. arrow  at  its  anterior  region.    A  3li.?;5-it  indeiitation 
occurs  in  the  lover  posterior  part.    An  indis- tion  of  an  ante- 
ooxale  (  lex )  is  Juat  distinguishable. 

A'he  aternai  ana  epi sternal  plate  {^^iis*  -33)  compris- 
ing the  anepi sternum,  ItatepisternLLD  and  basiatemite  is  rnuch 
liiie  that  of  tiie  Papilionidae  in  *ape  and  position-    Tlie  tri- 
angular piece  above  the  bauistornite  is  ijolidly  fused  with  it, 
Nfl/hereas  in  Papilio .  a  small  n:)embranou3  area  exists  bet\7ecr!  it 
and  the  basiaternite  except  at  tiie  extrer^ie  lateral  ends  where 

attached.     X'^io  interpleuri te  extends  along  ths  entire  length 

regions 

of  the  sternal  and  epi sterna]^  re&enbling  tiie  ?anilio  in  this 
respect.  The  basal  ire  is  a  i^int-.io  pieor,  the  small  curved 

plate  of  the  Papilionid  basal  are  havin/:  disappeared.     The  sub- 
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alare  is  a  long  and  rather  narrow  eoierite.    The  vero.coxa 
ia  proportionriteli'  Ic.r-e  and  possesses  a  small  but  r;ell  de. 
fined  Kanbranous  area  at  its  articulation  .vith  the  trochanter* 
iN;ynphrai..i  -.e..    Anosia  olezigpus,    ilonarch  -Buttrrfly. 

Ar,'^.Vnnls  Ci[bele,     Great  .paxii^iea  sCri\^ 

tXllary. 

Two  Hpecies  of  this  family  have  beai  selected  to  show  the 
extent  of  virlntion  of  the  soleritea  in  tiie  family.    Fig.    o  is 
a  lateral  vie,,  of  the  mesothorrix  of  Aaa^*    I^e  raesonotum  is 
leas  arci-iod  than  that  of  rontia.    Fig.  21  ia  a  dorsal  view  of 
the  meoouotum  which  has  bepn  deecribed  unrler  the  discussion  of 
tn«  Papilionid'xe.    The  prescutum  is  shown  in  Pig.  7  and  previous- 
ly described  also  luider  the  Papilionidae.    The  'tegula"  proper 
h-c  been  removed. 

Tlie  er4iae  ron  (Js;  ia  solidly  chitinized  and  bears  m 
projection  at  its  lower  posterior  end,  the  poateoxal  bridge 
(Poc)  wV'iC':  \)ror;eed    boneatxi  the  coxa  and  connects  v/ith  the 
f uroasteriiito  ueiu^/  Lie  sternal  msdiaii  line  (j'ig.  10}»  Here 
a  portion  of  the  coxa  has  been  out  off  to  anov/  the  postcoxal 
"bridf^e  in  place.     l*hiB  part  of  the  rnesopleuron  is  shown  only 
in  (Figs.  10,  2b),  but  in  all  butterflies,  though  not  so 
easily  seen,  it  extends  from  the  lower  part  of  the  epiraer on 
aiid  proceeds  heTir^-^.tV'  hfie  coxa  in  lixe  manner. 

Ttie  a/i becoxaie  ( 'vex)  is  more  prorainent  than  that  of 
the  preceding  family.    The  sternal  and  epi sternal  regions  again 
"become  (iistinctly  marked  by  a  transverue  outure  into  tv/o  ranteB 
the  anepioteriiusa  comprising  one  ai>d  tlie  baoisternite  and  icatepi- 
sternuin  the  ot}ier.     Tnit-  rnodif  ication  prcuenta  a  marked  diffor- 
ence  from  the  single  plate  which  comprises  botli  the  oternnl  and 

epi  sternal  regions  of  tha  Papi^ionldae  arjd  Plerlfiae  (^Xg8.2Q>23  j« 


The  intorpleurlt.e  (iji)  ie  narrow  and  ijomevhnt  irregular. 
The  sternal  i^rojection  (i^),  a  portion  of  which  is  seni- 
chitlnous  is  elon^-te.     The  basalare  and  subalare  vary  but 
little  from  those  of  the  Pieridae.    The  coxa  shows  no  new 
features* 

Fi(5.  26  is  a  later«-3ternal  viw  of  the  mesothorax 
of  ^TKynnis.     It  is  seen  in  comparing  this  with  i'ig.  lo  that 
the  two  species  are  much  alike.     The  anepiaternum  (bl^.  P6) 
is  large  occupying  nnarly  the  whole  region  directly  anterior 
to  tl-ie  pleural  suture  {^.i .  consequently  the  basistemal  and 
latepisternal  region  is  comparatively  small.    TViis  region  also 
presents  a  slightly  different  shape  fron  that  of  Anosia.  The 
interpleurite  (rp)  reoerribles  that  of  the  V'ieridae  (Pi^.  S3) 
in  possessinr;  a  narrow  strip  alonp;  the  upper  part  i)f  t>ie  anepi- 
sternum.     'l>ie  basalare  and  nubalare  siiow  no  distinctive  modi- 
fications.    The  wing  processes  in  hotli  species,  Anosia  nnd  Ar^nnis 
are  lar^re.     It  is  plainly  evident  t>iit  t-.vo  species  of  a  faraily 
thout^h  of  different  (genera  show  a  similarity  in  fundamental 
characters  as  would  be  supposed. 

^IHIBf"^^  of  the  LeoidQutoru ua  T^yijca?* 

U'iie  Hepialid  thor-ix  (Figs.  1,        3)  with  its  large  mem- 
branous 'ireas  in  t>ie  coxae  of  all  three  o^^'T  ^f^ntH ,  th«  large  anifl- 
coxal  re/^ion  (acx  J .  the  detached  or  aepar  ite  tn.c  rutt  inn  CTu ) 
in  both  I  erjo  and  nieta-thoraces,  the  occurence  of  the  interiiicuri  te 
( Ip )  as  1  distinct  plate  and  the  merabr'^jious  arr^a  hr»t7/een  the 
kateuisternujTi  (Keo)  and  the  baaiat'Tnite  (1_cjJ  'ire  prirnitivo 
features  and  7;ith  8li{rht  modifications  are  found  in  so.ie  of  the 


lower  orders, 

*he  next  fan^ily  in  the  scale  of  claseif icition  is  the 
Sesiidae  (Ki/rs.  11,  12)  which  show  ari  advance  by  the  complete 
fusion  of  the  inlfiXILLeurite  (Ip)  with  the  basiaterni tf»  (Bo) 
and  katepiotomuxri  (}<_e3)  and  with  a  cor^plete  line  of  demarcation 
between  the  interpleurite  and  the  haoistomite  but  only  p  rrtial 
between  the  in terjjleur ite  rurid  tlie  Kitepistcmum.     The  antecoxale 
(Acx)  has  become  greatly  reduced  as  characterizes  -ill  auccecding 
families.     There  are  only  alifjjht  indications  of  a  sternal  pro- 
jection CPbuj  ponsibly  honologous  with  the  prebasi terni te  of 
lov/er  insecto  as  previously  mentioned  ,  represented  by  tlie  few 
ohitinous  pieces  between  the  interpleurite  and  baaistornite  (Fig, 
12). 

The  Geometridae  (^'ig.  14)  tire  clooely  allif?d  to  the 
Seslidae,  in  fact  so  clone  are  the  fundamentals  of  each  that 
little  need  be  said.    Tlie  aternal  projection  has  nov/  b  oone 
quite  prominent  and  apparently  nade  up  from  portions  of  the  basis- 
ternite  and  interpleurite.     In  the  three  families  already  men- 
tioned, the  Heplalidae,   .ieoiidae  and  Geor.netridae,  a  narrow  mem- 
branouB  strip  and  a  suture  occur  as  the  mark  of  separation  be- 
tween  the  anepi  sternum  -^  nd  the  kate pi  sternum. 

The  next  t  .o  f  irailies,  the  iVrctiidae  and  lymantriidne 
(Pi/i^;8.  16,  16)  can  be  taken  together  to  shov/  isevoral  marked 
differences  indicating  .advancement  in  structurco  from  the  prc» 
ceding  families.  The  auture  !)artialiy  dividing  the  kateuia ternum 
(Kes )  and  the  int.f»rplf»ur  1  te    ( Ip ,  Fifjo.  15,  16)  is  nov;  extended 
to  the  suture  between  the  anepiatcrnum  and  the  katepisternun  and 
completely  divides  the  k atepi oternum  fron  the  interpleurite. 


the  suture  dividinc  the  anepiBtemum  and  the  katepioternum 
does  not  reach  the  pleural  suture_(G^)  in  the  Lymantriidae  aa 
in  the  previous  families  but  in  the  Arotiidae  (Pi^r.  ig)  the 
line  of  demarcation  bet  /een  the  anepisternur   >md  katejd aternum 
is  again  complete,  resembling  in  this  feature  the  three  lower 
families.     The  suture  separating  the  basiaternite  from  the 
interpleurite  is  now  eliminated  in  both  families  and  the  line 
of  dernarc  :tion  bet./eeii  thera  is  merely  a  sli^^ht  depression  of 
the  chitin. 

The  sternal  projection  (Pbs)  in  the  Lyipantriidie 
is  small  but  becomos  enlarged  to  a  groat  extent  in  the  Arctiidae. 
A  large  membranous  area  at  the  articulation  of  the  coxa  and 
trochanter  in  the  lymantriidae  still  persists,  showing  rather 
a  primitive  feature.     The  epiiriera  of  both  Lymantriidae  -vid 
Arctiidae  are  ver>'  similar  especially  in  the  v7ay  of  autures, 
but  differ  in  the  occurrence  of  a  detached  triangular  plate 
in  the  latter.     T>ie  subalares  and  the  basalares  also  ^low  an 
extreme  likeness. 

The  mesothorax  (Pif?;.  17)  of  the  Sphingidae  is  not 
materially  different  from  those  of  the  Arctiirlae  and  LyM-ui- 
triidae.     '^)ie  most  marked  difference  fror;^:  tiiat  of  the  Arctiidae 
is  in  the  suture  which  divides  the  anepi titernum  frori  the  kat- 
episternuin.     It  nov?  only  p  .rtially  divides  the  tvro  divisions 
of  the  epistemura  and  is  sirailar  in  thiu  respect    to  the  l.yinan- 
triidae.     i.>ie  line  of  demarcation  as  indicated  by  a  slight  de- 
pression of  the  chitin  between  the  basisterni te  (M)  and  tnlex- 
pleurite  (ip )  has  nearly  disappeared. 

The  Saturniidae  (Fig.  18 the  highest  fairdly  in  the 
scale  of  classification  of  the  Jleterocera  differs  fr cm  the 


Sphingidae  in  a  few  instances.     In  the  lo^ver  portion  of  tl^ie 
epimeral  rej^ion  is  a  STnall  detached  triangulir  plate  similar 
to  that  found  in  the  /\rctiidae  (Pm>  16).    The  eubalare  (tia) 
is  partially  senii-chininoua  as  in  the  Arctiidae  and  Lyman- 
tPiidae.    The  anepistemum  is  much  sinaller  thnii  that  of  the 
Sphingidae  and  its  separation  from  the  katepisternun  is  also 
only  partial.     The  line  of  demarcation  between  the  basister- 
nite  and  interpleuri te  is  now  practically  obliterated,  the 
two  plates  being  united  into  one  region. 

It  is  evident  that  homologies  among  the  Heterooora 
can  be  deduced  with  some  difficulty  and  ttiat  to  a  certain  ex- 
tent phylo^';enetic  relationship  can  be  rouf^ly  traced.  Tiie 
families  of  moths  may  be  roui^hly  divided  into  four  groups  as 
determined  by  thoracic  relationship.       Hie  Hepifslidae  may  be 
put  into  a  class  by  itself  as  the  most  primitive.    The  .'.esiidae 
and  Geometridae  may  be  put  into  the  next  group  as  being  some- 
what more  speciali.?;ed.     The  third  group  may  quite  easily  com- 
prise the  lonnantriidae  and  A.rctiidac.    Lastly,  the  fourth 
group  may  comprise  tiie  Spiiingidae  and  Saturniidae  wr  ich  illus- 
t  rate  the  hif^heat  type  of  heteroceioos  thorax  and  of  these, 
t}ie  ^aturniidae  perhaps  the  hi^est,  as  indicated  by  the  fusion 
of  plates  and  elimination  of  sutures  which  apparently  tend 
toward  hi^^her  specialization. 

The  ilesperiid  thorax  (Pig.  22)  is  witFiout  doubt 
the  most  primitive  of  tlie  butterfly  group.    Its  general  shape 
and  that  of  its  component  parts  closely  resembles  the  typical 
moth  thorax.     The  particular  butterfly  feature  i.iay  be  cited 
as  the  triangular  sternal  projection  (gbs).    It  is  also  evident 


that  there  ie  3.  further  tendency  for  the  elimination  of 
sutures  clearly  roanifeot  in  the  next  two  fanili<^n. 

Gradual  riodif io-itione  of  form  and  structure 
ae  roughly  perceived  in  all  previous  families  of  the 
Lepidoptera  do  not  continue  with  like  precision  in  going 
from  the  Hesperiidae  to  the  Papilionidae  and  Pieridae 
(i'iga.  19,20,23,24).     A  audden  chancre  of  form  and  struc- 
ture occurs  whereby  the  last  two  mentioned  families  re- 
present the  hifiJiest  type  of  butterfly  thorax  as  well  as 
the  hi^est  of  the  Lepidopterouo  {jroup.    The  basis  for 
this  opinion  rests  on  the  absence  of  sutures  and  divisions 
especially  in  the  sternal  and  cpi sternal  regions.  The 
Papilionidae  and  Pier id ae  can  easily  be  grouped  together 
having  rauch  in  common.     There  is  undoubtedly  a  clone  re- 
lationship between  tiie  two. 

The  Uymphalidae  (Pif^s.  l,25,r.6,)  the  highest 
fainily  listed  in  the  Lepidoptera,  does  not  represent  such 
accordinr':  to  thoracic  characters.      The  presence  of  the 
transverse  suture  across  the  lower  episternal  region  places 
it  beneath  the  Pieridae  and  Papilionidae.    '.Che  great 
Spantjled  Fritillary  (^•'ig.  26)  shows  a  cli/^itly  higher  modi- 
fication than  the  iVonarch  in  that  the  interr>leurite  (ip) 
is  of  the  Pier  id    type  (^j'ig.  i.":3). 

Conclusions . 

Taking  the  Lepidopterous  group  as  a  v/hole  the 
butterflies  are  more  highly  specialized  thnn  the  raotlis 
as  can  be  observed  by  t'noracic  characters.    To  take  each 
family  and  indicate  v/here  it  shows  distinct  features 


pointing  to  higher  speciali^^ation  fraa  the  preceding 
one  is  exceedingly  difficult,  yet  by  grouping  the  vari- 
ous  frimilies  showing  similaritiec.  one  group  is  seen 
to  be  hit>her  than  the  other. 

In  tvie  lover  forris  the  differences  are  moat 
pronounced, but  as  the  higher  forms  are  studied,  tlie 
differences  as  a  whole  become  less  mrked  and  according, 
ly  interpretation  more  difficult.    Variations  of  course 
have  to  be  taken  into  consideration  and  as  is  admitted 
by  all  morpliologists  and  sy stenatists,  no  one  part  of 
the  anatomy  can  solely  determine  the  plnce  of  an  insect 
in  the  phylogenetic  scale  of  classif ic-ition. 
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Abbrevijitions. 
Aes.      Anepisternum  Zs.  Turcastemite 

4bd.      Abdo-ien  «•  ^^Bj^Hc^ti^^'SA'^'ih^^on) . 

'AO' 


Axe.     Axillary  oord. 

Acx.  Antecoxale. 

An£.    Anterior  notal  wing  pro- 
cess- 

Aphg.  Anterior  phra^jaa. 
Apt.    Adanal  pterale. 

B5.    Basisterni te. 

Cfi.     Cervical  eclerite. 

Qx,*     Coxa . 

Sd*  £pimeron. 

Kfi.»    Epi  sternum. 
Pat.  Patagla. 
Pba.    Posterior  basal  are. 

Fbs.     Prehasisternite  (Sternal 

proj  ect ion ) . 
Pqjc.    Precoxale  (preooxal 

bridge ) . 
Pnp»    Posterior  notal  vting 

process. 
Pga»    Postalar  ijridge. 

Poo.    Postcoxale  (post- 

coxal  bridpjej. 
Psc.  Preooutum 


Xp. 

Kg  3. 

!• 

m. 
Mfi.. 

Psl. 

Pi. 
aa. 

HQ. 

Scsl. 
SI. 


Tn. 


'Is 


Iiiterpleurito. 

Katepi sternum. 

i.er  il  suture  (botv/een 
meron  and  anterior  portion 
of  coxa). 

-^>-edi  pterale. 
?'eron. 

lictopterale. 
Poet  Bcu  t. -?  Hum. 
>^0  3ter/5i  te. 
r»ubalare. 
■^asanal  pterale. 
Scutum. 

Jicuto-scutelluni. 

bcutelluin. 

iJpiracle. 

Tegula. 

Trochantin. 

Vers.ooxa 

's/in2  process. 


K^;>,£p>a1;^ori  pf  Pl,atS^. 
1. 

Fig.    1.     Lateral  viev/  c^f  prothorax  of  lliaasug. 
Pig.     2.     Late'^-al  view  of  me ao thorax  of  JTiasous. 
Pig.     3.     Lateral  vic\7  of  netathorax  of  Phaasus. 
Pig.    4.     Dorsal  View  of  raesothorax  of  Sphinx. 
Fig.    5.    Dprsal  view  of  prothorax  of  oajnia. 
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Fig. 

6. 

Frontal  view  of  mesothoracic  prescutum  of  Sphiiyc. 

S'ig. 

7. 

Frontal  view  of  mesothoracic  prescutum  of  Anosia. 

Fig. 

8. 

Frontal  view  of  mesothoracic  prescutum  of  Phassus. 

Fig. 

9. 

Frontal  view  of  mesothoracic  prescutum  of  i>ontia. 

Fig. 

10, 

Latero- sternal  view  of  raeso thorax  of  Anosia. 

11 

Fig. 

11. 

Lateral  view  of  meoothorax  of  Bemheci  a. 

Fig. 

12. 

Latero- sternal  view  of  neso thorax  of  Rerahecia. 

Fig. 

13. 

Latero- sternal  view  of  meso thorax  of  Arctia. 

Fig. 

14. 

Latero-sternal  viev/  of  meosthorax  of  Metrocampa. 

Fig. 

15. 

Lateral  view  of  mesothorax  of  Porthetria» 

Fig. 

16. 

Lateral  view  of  mesothorax  of  Arctia. 

Fig. 

17. 

Lateral  view  of  mesothorax  of  Suhinx. 

Fig. 

18. 

Lateral  view  of  m«»Rn"tVioTn"x"  nf*  f■^^^Tn^^>. 

Ill 

Fig. 

19. 

Lateral  view  of  thorax  of  Papilio:  1.  prothorax; 

2,  mesothorax;  3»  metathorax. 

Fig. 

20. 

Latero-sternal  view  of  mesothorax  of  Papilio. 
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21. 

Dorsal  view  of  mesothorax  of  Anosia. 

Fig. 

22. 

Latero-sternal  view  of  mesothorax  of  Eparp:yreus. 
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23. 

Latero-sternal  view  of  mesothorax  of  Pontia. 
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24. 

Lateral  view  of  mesothorax  of  Pontia. 

Fig. 

25. 

Lateral  view  of  mesothorax  of  Anosia. 

Fig. 

26. 

Latero-sternal  view  of  mesothorax  of  Argynnis. 
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